Many proteins have been implicated genetically and biochemically in the assembly of eukaryotic ribosomes. Now, Kornprobst et al. show us how they are put together with a cryoEM structure of the 90S processome that initiates ribosome assembly, revealing the arrangement of U3 RNA and the several UTP complexes that form a chaperone-like structure around and within the developing 40S ribosomal subunit.
Years ago, it was shown that the initial rRNA transcript in HeLa cells is part of a large, loose particle temporarily associated with a great number of proteins that are not destined to be in the mature ribosomes. It was suggested that these acted in a catalytic manner to bring about the processing of the pre-rRNA and its assembly with the true ribosomal proteins (Kumar and Warner, 1972 ). An analogous 90S particle was later identified in yeast (Trapman et al., 1975) . During the past two decades, the power of yeast genetics and biochemistry has led to the identification of more than 150 such proteins that are essential for the intricate folding and cleavage of the pre-rRNA transcript and its intimate melding with the ribosomal proteins, (reviewed extensively in Woolford and Baserga, 2013) . Many of these have been identified within the 90S pre-ribosomal particle (also known as small subunit (SSU)-processome) that decorates the 5 0 ends of the rRNA transcripts in ''Miller spreads'' and is responsible for the early steps of pre-rRNA processing and the formation of the 40S ribosomal subunit (Dragon et al., 2002) (Figure 1 , left). In this issue of Cell, Kornprobst et al. (2016) report a major breakthrough: the cryo-EM determination of the structure of the 90S pre-ribosomal particle, from the thermophilic yeast C. thermophilium, to a resolution of 7.3Å , with many important regions at nearly 4Å (Figure 1, right) .
This study emphasizes primarily the 5 0 portion of the pre-rRNA transcript, which gives rise to the 40S ribosomal subunit. A complementary cryo-EM description of several states of the pre-60S particle has also just appeared (Wu et al., 2016) . Together, they reveal in striking detail the enormous breadth of interactions and rearrangements that occur during the formation of a eukaryotic ribosome. It's as if, for the blind observers dutifully inspecting the elephant part by part, the whole animal is suddenly revealed. A key element in the initial stages of the processing of pre-rRNA is the C/D box small nucleolar RNA (snoRNA) U3. A single molecule of U3 pairs co-transcriptionally with pre-rRNA in several places, acting as an organizing chaperone (Dutca et al., 2011) . U3 RNA is not only packaged with the usual components of a snoRNP but also associates with three multi-protein complexes, termed UTP-A, UTP-B, and UTP-C (Dragon et al., 2002) , each composed of several proteins. UTP-A is recruited to the 5 0 end of the pre-rRNA transcript and, in turn, recruits UTP-B and the U3 snoRNP (Chaker-Margot et al., 2015) . In a wonderful example of bootstrapping from known X-ray structures of a number of the proteins, from strongly predicted domain structures and from known associations between proteins, Kornprobst et al. (2016) have assigned identities to a great many features of the 90S particle, especially the sites and arrangements of the individual proteins within the UTP-A and UTP-B complexes. Similarly, the known structures of U3 RNA and of the proteins of the U3 snoRP identified not only its location, but also its three dimensional arrangement. Its ''business end'' is buried deep within the particle where it can interact with the pre-rRNA substrate, possibly preventing premature formation of a secondary structure that would preclude the key pseudoknot at the center of the 18S rRNA molecule, while other helices of U3 RNA can be seen as a distinct structure on the periphery of the 90S particle. Most of the deduced RNA-protein interactions are consistent with previous cross-linking data.
Furthermore, the authors were able to trace much of the eventual 18S rRNA, by means of its known tertiary structure as well as by its association with several of the small subunit ribosomal proteins. There seems to be gradation in the establishment of its structure, with the 5 0 domain in nearly final form, and more distal domains requiring some compaction. Only portions of the 3 0 half are recognizable, the rest presumably still with a substantially different structure than in the mature 40S subunit. The 5 0 external transcribed spacer (ETS) can be identified from its ''wheel of helices'' structure, near the base of the 90S particle.
While space precludes a step-by-step description of the 90S pre-ribosome, which is elegantly displayed in two movies from Kornprobst et al. (2016) , a few aspects stand out. There are several proteins with b-propeller domains, and others, e.g., Utp10, with large a-solenoid domains, that help to form a scaffold holding the particle together, permitting flexibility as well as communication from one part to another. Yet, for many vivid structural elements, the protein identity remains unclear. A treasure trove of interactions awaits more detailed analysis.
Finally, the structure suggests how the dissociation of the free 5 0 ETS domain with its associated factors could occur after the initial cleavage of the pre-rRNA, Indeed, the authors have identified a 35S complex containing both the U3 RNA and the cleaved 5 0 ETS RNA, whose dissolution by the exosome is essential for the recovery and reutilization of the factors.
It is biologically intriguing that, while bacterial ribosomes can be assembled in vitro without the need for any additional factors and the few factors that have been identified in vivo are generally not essential for life (Connolly and Culver, 2009) , eukaryotes have evolved such an elaborate machinery to construct their ribosomes. Nearly all the yeast assembly factors are essential and have human counterparts, and there are suggestions that mammalian cells may have additional factors. Indeed, a number of disease-causing mutations are in genes encoding ribosome assembly factors (reviewed in Sondalle and Baserga, 2014) , and many more are likely! Why have eukaryotes developed such a complex and fragile system to manufacture their ribosomes? To what degree does this result from the separation of transcription and translation by the nuclear envelope?
